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Process for the production of nickel hydroxides 

This invention relates to a process for the production of nickel hydroxides by anodic 
dissolution of metallic nickel in an electrolysis cell with completely intermixed 
5 electrolysis brine. 

Two processes are in particular known for the production of nickel hydroxides, 
namely chemical precipitation of the hydroxides from nickel salt solutions by 
addition of alkali metal hydroxide solutions and, secondly, anodic dissolution of 
I ;[ 10 nickel in an electrolysis cell, wherein hydrogen is liberated at the cathode providing 

f ;;i the corresponding hydroxide ions. 



The chemical precipitation process has the disadvantage that the neutral salts 
produced in stoichiometric quantities from the neutralisation reaction must be 

15 disposed of or worked up. In contrast, in electrolytic processes, it is largely possible 
to circulate the brine containing conductive salts by separating the precipitated 
hydroxide, such that the formation of secondary and waste products may largely be 
avoided. At least in theory, electrolytic processes should give rise to more uniform 
products due to the lower concentrations of the reaction partners in the precipitation 

20 suspension (electrolysis brine). However, electrolytic processes do 
disadvantageously exhibit a tendency towards forming anodic and/or cathodic 
deposits or deposits on optionally present diaphragms or membranes due to the great 
variations in concentration, potential and/or pH values prevailing at the 
corresponding boundary layers, so hindering the establishment and maintenance of 

25 process conditions which are optimal with regard to product properties or which 
even prevent the electrolysis from being operated at equilibrium. 



It is furthermore known, for example from Japanese published patent application 56- 
143 671 dated 9 November 1981, to produce denser nickel hydroxide powders by 
30 performing chemical precipitation from aqueous solutions of nickel ammine 
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complex salts from which nickel hydroxide precipitates at a substantially reduced 
precipitation rate, such that a denser particle structure is formed. Moreover, the 
modified crystallisation/solution equilibrium brought about by the presence of 
ammonia in the precipitation solution favours the formation of spheroidal 
agglomerates. 

If the complexing agent is used in the electrolytic process, the process may be 
disrupted as Ni(II) in Ni(II) ammine complexes is more readily cathodically reduced 
than in the Ni(II) hexaaquo complex ion. The precipitated Ni forms loose deposits 
on the cathode. This problem is remedied according to EP-A-684 324 by dividing 
the electrolysis cell into an anode compartment and a cathode compartment by 
means of a membrane permeable to hydroxide ions. In order to avoid the formation 
of nickel hydroxide deposits both on the membrane and on the anode, it is necessary 
in this process to use very high ammonia concentrations, such that the hydroxide 
precipitates with an increase in temperature only once it has left the reactor. 
Disadvantages of the membrane electrolysis process include the increased 
electrolysis voltage entailed by the membrane and the use of the membrane itself 
which is technically problematic (clogging problems), increases process costs and 
thus complicates commercial application. 



It has now been found that spherical nickel hydroxide may be produced by anodic 
dissolution of nickel directly in a completely intermixed electrolysis cell if the 
electrolysis brine exhibits comparatively low ammonia contents of 1 to 5 g/1 and 
moreover the chloride ion content, pH value and temperature of the brine are 
maintained within certain limits. 

It is apparently essential to the process according to the invention for a quasi steady- 
state deposit of basic nickel salt to form on the anode, which clearly assumes the 
function of a cation exchange membrane, Le, is impermeable to chloride and 
hydroxide ions. The anodically dissolved nickel ions collide with the deposit from 
the anode side and are incorporated therein as basic nickel chloride. Nickel 
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ammonium complexes which have fewer than 4 Hgands and are thus relatively 
unstable, are obviously dissolved from the electrolyte side. Formation of the ammine 
complex is here apparently favoured by a boundary layer which forms on the 
electrolyte side of the "membrane" and, in comparison with the brine concentration, 
5 has a low OH ion content. On leaving the boundary layer with a low OH ion content, 
the ammine complexes dissociate before nickel is deposited on the cathode. 

The present invention accordingly provides a process for the production of spherical 
nickel hydroxide by anodic dissolution of a nickel electrode and precipitation of 
10 nickel hydroxide in a completely intermixed electrolysis cell, which process is 
characterised in that that an electrolysis brine is used which has a content of 20 to 
50 g/1 of chloride ions and 1 to 7 g/1 of ammonia with a pH value of 9.5 to 1 1 .5 and a 
temperature of 45 to 60°C. The molar ratio of chloride ions to ammonia should 
preferably be from 2 to 10. 

15 

Sodium sulfate may additionally be added to the electrolyte in order to dope the 
product with sulfate. 

The electrolysis brine preferably exhibits a pH value of below 11, particularly 
20 preferably between 10 and 10.5 (at reaction temperature). The chloride ion 
concentration is provided by an aqueous solution of alkali metal chlorides. The pH 
value is established by apportioning an alkali metal hydroxide solution or 
hydrochloric acid as a function of continuous pH measurement. 

25 According to the invention, a "completely intermixed electrolysis cell" is taken to 
mean a single electrolysis cell in which the anode and cathode are in contact with 
substantially the same brine, i.e. in which there is no structural separation of the cell 
volume into an anode and a cathode compartment by diaphragms or membranes. 
This disregards the membrane function of the deposits of basic nickel salt formed in 

30 situ. According to the invention, "completely intermixed" furthermore means that, 
with the exception of boundary layer effects in the vicinity of the anode surfaces, the 
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brine itself is of a uniform composition, which is ensured by turbulent intermixing. 
This is achieved by continuously withdrawing brine from the electrolysis cell by 
means of a piping system comprising a pump and arranged outside the cell and 
retuming the brine to the cell, Le. the brine is recirculated through the electrolysis 
5 cell. The brine recirculation rate is preferably at least 100 times the filling volume of 
the cell, in particular more than 200 times and particularly preferably 400 to 1000 
times the filling volume of the electrolysis cell. The elevated recirculation rate in the 
cell of at least 20 cm/s ensures that the same brine parameters prevail in the 
electrolysis cell as in the recirculation circuit outside the cell. The elevated 
10 recirculation rate in particular ensures that the increase in temperature of the brine is 
minimal on a single passage. Temperature control is provided by a heat exchanger 
arranged in the recirculation circuit outside the cell. 

Hydrogen deposited at the cathode is produced as the secondary product of the 
15 process and is withdrawn from the cell above the brine. The dispersed hydrogen 
bubbles provide additional turbulent mixing of the brine. 

The average residence time of the brine is for example 3 to 5 hours, i.e, some j/^ to 

respectively of the filling volume of the cell is discharged from the recirculation 

20 circuit each hour, the nickel hydroxide particles are separated from the discharged 
brine and the brine retumed to the recirculation circuit. 

The nickel hydroxide particles may be separated by filtration or by using centrifiigal 
forces, for example in a centrifugal decanter. The separated nickel hydroxide is then 
25 washed first with completely deionised water, then with dilute, for example 1 molar, 
sodium hydroxide solution and then again with completely deionised water before 
subsequently being dried. 

Electrolytic dissolution of the nickel is preferably performed at a current density of 
30 500 to 2000 A/m^. Depending upon electrode spacing, the requisite voltage is 2.2 to 
4 volts. Anodic faradaic current yield of greater than 98% is achieved. 
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Doped nickel hydroxide is preferably produced for use in rechargeable alkaline 
storage batteries. Doping elements which may in particular be considered are cobalt, 
zinc, cadmium, magnesium, aluminium, copper, chromium, iron, scandium, yttrium, 
lanthanum, lanthanoids, boron, gallium or manganese. The doping elements are 
5 continuously introduced, preferably into the recirculation circuit outside the cell, 
preferably in the form of the aqueous chlorides thereof, in particular in a quantity 
ratio relative to the electrolytically dissolved nickel corresponding to the subsequent 
doping rate. It is furthermore necessary simultaneously to introduce an appropriate 
quantity of ammonia in order to maintain the ammonia/chloride ratio. Sodium 

10 hydroxide solution or hydrochloric acid are added appropriately on the basis of pH 
value control. In the described process for the production of doped nickel 
hydroxides, neutral salts are accordingly obtained substantially only in 
stoichiometric quantities corresponding to the quantity of doping. This formation of 
neutral salts may also be avoided by additional anodes of the doping metals or by 

1 5 pre-alloying the nickel anode with the doping elements. 

According to another embodiment of the invention, doped nickel hydroxides are 
produced by using nickel anodes alloyed with the doping elements. 

20 Nickel hydroxides coated with cobalt hydroxide are produced according to another 
embodiment of the invention. To this end, the brine containing nickel hydroxide 
discharged from the recirculation circuit of the electrolysis cell is preferably 
introduced into another electrolysis cell having anodes consisting of cobalt. This 
downstream electrolysis cell, in which the nickel hydroxide is coated with cobalt(II) 

25 hydroxide, is operated under substantially identical conditions as the upstream 
electrolysis cell for producing nickel hydroxide. The ratio of the anode areas (at an 
identical current density) is here selected such that the desired molar ratio of nickel 
hydroxide core and cobalt hydroxide coating is produced. Once the brine containing 
nickel hydroxide particles coated with cobalt hydroxide has been separated from the 

30 recirculation circuit of the downstream electrolysis cell with a cobalt anode and the 
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solid particles have been fiirther removed from the brine, the brine is returned to the 
first recirculation circuit for the production of the nickel hydroxide. 

According to another preferred embodiment of the invention, the nickel hydroxide is 
discharged from the recirculation circuit of the first electrolysis cell in concentrated 
form by means of a centrifuge, wherein the smaller nickel hydroxide crystals remain 
in the returned brine and are returned to the first electrolysis cell. The concentrated 
suspension containing nickel hydroxide particles is introduced into the substantially 
separate recirculation circuit of the downstream electrolysis cell with a cobalt 
electrode. Particularly uniform nickel hydroxide particles may be produced in this 
manner. 

The invention is illustrated in greater detail below by means of Figures 1 to 4: 

Figure 1 shows a first embodiment of the invention for the production of 

doped or undoped nickel hydroxide. 

Figure 2 shows an apparatus according to the invention for the production of 
nickel hydroxide coated with cobalt hydroxide. 

Figure 3 shows an apparatus according to the invention for the production of 
coated nickel hydroxide having a particularly uniform particle size 
distribution. 

Figure 4 shows an SEM micrograph of the nickel hydroxide produced 

according the Example. 

Figure 1 shows an electrolysis cell 1, which contains a cathode 2 and an anode 3. 
The electrolysis brine in the bottom of the cell 1 is recirculated via the pump 4, the 
heat exchanger 5 and the pH probe 6. As indicated by arrow 7, alkali metal 
hydroxide or hydrochloric acid is apportioned into the recirculation circuit as a 
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function of the pH measiirement 6. Nickel hydroxide suspension is discharged from 
the recirculation circuit by means of pump 9 and passed to the solids separation 
apparatus 10. As indicated by arrow 12, the solids are discharged. The brine, from 
which the solids have been removed, is returned by means of pump 11 into the 
5 recirculation circuit via electrolyte reconditioning 16, optionally with addition of 
water 15. Moreover, as indicated by arrow 8, an inlet is provided by means of which 
ammonia losses may be made good. Doping salt solutions may furthermore be 
introduced into the recirculation circuit via the inlet 8a. According to a preferred 
embodiment, the separation apparatus 10 assumes the form of a screen centrifuge 
5;:;; lO which is operated such that finely divided nickel hydroxide particles are returned to 

CI the recirculation circuit with the filtrate via the pump 11. Gaseous hydrogen 

iU.. i 

=3 produced during electrolysis is withdrawn above the filling volume of the cell, as 

indicated by arrow 13. 

s ': I. 

1.U 15 Figure 2 shows a first electrolysis cell 1 with a nickel anode 3, wherein the same 

reference numerals otherwise denote the same elements as in Figure 1. A second 

il l electrolysis cell 20 with a cobalt electrode 23 is arranged downstream from 

electrolysis cell 1 . The brine is correspondingly circulated via the pump 24 and heat 
exchanger 25. The nickel hydroxide suspension discharged via pump 9 from the 
20 recirculation circuit of electrolysis cell 1 is introduced into the recirculation circuit. 
A corresponding quantity of suspension containing nickel hydroxide coated with 
cobalt hydroxide is discharged via pump 29 and introduced into the evacuating 
apparatus 30. The filtrate is returned via pump 11 to the recirculation circuit of 
electrolysis cell 1. The solids separated from the brine are discharged, as indicated 
25 by arrow 32, and sent for washing and drying. 

Figure 3 shows an embodiment of the invention as in Figure 2, wherein, however, an 
additional separating centrifuge 42 is provided, by means of which the brine circuits 
from electrolysis cells 1 and 20 are separated, wherein only the larger nickel 
30 hydroxide particles separated with the separating centrifuge 42 are transferred into 
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the recirculation circuit of electrolysis cell 20 and smaller nickel hydroxide particles 
are returned to electrolysis cell 1 via the brine of circulating pump 1 1 . 
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Example 

An test setup according to Figure 1 is used. Electrolysis cell 1 has a capacity of 2.3 
litres and is equipped with a nickel anode and a nickel cathode, each of an electrode 
5 area of 400 cm . The brine circulated in the recirculation circuit contains 44.6 g/1 of 
sodium chloride and 2.6 g/1 of ammonia. 48 g of an aqueous doping solution 
containing 34 g/1 of cobalt and 51.5 g/1 of zinc in the form of the chlorides thereof 
are introduced each hour via feed 8a. The pH value is adjusted to 10.3 at a brine 
temperature of 55*^C by introducing 1 molar sodium hydroxide solution via feed 7. A 

10 steady-state NH3 concentration is maintained by introducing approx. 10 ml/h of NH3 
solution (50 g of NH3/I) via feed 8. The current density in the electrolysis cell is 
1000 A/m^. 43.8 g of nickel are anodically oxidised each hour. The voltage between 
the electrodes is approx. 2 volts. The nickel hydroxide discharged at 12 is washed 
first with completely deionised water, then with 1 molar sodium hydroxide solution 

15 and then again with completely deionised water and dried in a circulating air drying 
cabinet at a temperature of 70°C. The hourly yield is 76 g. 

Analysis reveals a product containing 57.5 wt.% of nickel, 1.95 wt.% of cobalt, 
2.94 wt.% of zinc, 17 ppm of sodium, 300 ppm of chlorine and having an ammonia 
20 content of less than 40 ppm. 

The tap density of the product is 2.1 g/cm , the BET specific surface area 15.6 m /g 
and the average particle size 3.1 (im (Mastersizer D50). 

25 Figure 4 shows an SEM micrograph of the spherical nickel hydroxide. 

Crystallite size, determined radiographically, is 69 A, FWHM is O.92°20. 

Battery testing to AWTB/S'^^ discharge cycle reveals a specific capacity of 270 mAh, 
30 corresponding to Ni-SES (single-electron-step) utilisation of 103%. 



